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(54) Improved method and arrangement for measuring characteristics of a vehicle travelling on

a rail

(57)  The present invention relates to a solution for
measuring forces of wheels travelling on a rail, and de-
tecting defects on the wheels. In prior art solutions the
sensor signals of defected wheels are compared to val-
ues of other, normal wheels, or to an average value of
the defected wheel under measurement. This may lead
to unreliable results. In the present invention a reference
value is used for describing the force of a normal part of
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FIG. 7A

the wheel under measurement. The reference value is
achieved by selecting a reference sample from the sen-
sor signal of the wheel under measurement. The selected
sample is preferably a median sample of the signal of
the wheel under measurement, whereby a median value
of the sensor signal is used as the reference value. Der-
ivation, high-pass filtering and integration of the signal
may further be used in the analysis of the sensor signals.
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Description
TECHNICAL FIELD OF THE INVENTION

[0001] The present invention relates to an improved
solution for measuring characteristics of a wheel travel-
ling on a rail, in particularly a flat wheel when the wheel
is passing a measuring zone.

BACKGROUND OF THE INVENTION

[0002] Detection of characteristics or conditions of
wheels of a vehicle travelling on arail isimportant in order
to discover broken wheels, such as a flat wheel, because
broken wheel may further cause damages for example
to the rail and rail structure, as well as to the wheel itself.
It may also cause damages to the vehicle due to exces-
sive vibration in the vehicle when rolling along the track.
Furthermore a broken wheel may be a safety risk. De-
tection of weight of a wheel is also significant when as-
sessing loadings of a vehicle or distribution of load be-
tween wheels of an axle, and effects of the wheel to the
rail and rail structure comprising sleepers and ballast
stone bedding.

[0003] Identification of the broken wheel and also the
corresponding wagon and axle is also important in order
that right parties can be warned about the broken wheel
immediately in real time and thus the broken wheel can
be repaired or changed when a vehicle with the broken
wheel arrives at a station. Also monitoring of evolution
of defect of a wheel may be important in a certain situa-
tion, for example when the wheel or springing of the wheel
is only slightly damaged and the condition of the wheel
is predicted to deteriorate in use.

[0004] Different kinds of solutions for detecting char-
acters of wheels and vehicles travelling on a rail are
known from prior art. For example, document WO
87/06203 describes an apparatus for track-based detec-
tion of damages in railway wheels on passing carriage,
where a measuring stretch consisting of a section of the
ordinary track is equipped with a number of motion sen-
sitive transducers measuring the rail's movement or ac-
celeration in vertical direction when a carriage passes.
According to the solution of WO 87/06203 the transduc-
ers of a rail are read when the wheel travels on the rail
in such a manner that each transducer reads a section
of the wheel circumference but the signals are combined
in such a manner that the entire wheel circumference is
read and the read signals are processed or stored for
later data processing.

[0005] DE4439342 discloses a circuit for determining
non-round wheels of rail track vehicles wherein a number
of sensors is provided bothin longitudinal and transversal
directions relative to a predetermined rail section.
[0006] US4701866 discloses an apparatus for meas-
uring loads transmitted via wheels to a track. Means re-
sponsive to the load are located at a plurality of equally
spaced locations on a portion of the track.
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[0007] EP1607726 discloses a method for wheel
measurement where virtual measurement subzones of
a rail are used, whereby the measurement subsequent
wheels travelling simultaneously on the measurement
zone can be analyzed separately. The acquired meas-
urement data is then compared to typical data of an un-
broken wheel.

[0008] EP1212228 discloses a method for wheel
measurement where a signal acquired from a wheel is
compared to the average value of a measurement signal
ofthe concerned wheel. When a predetermined deviation
from the average value is exceeded an eccentricity or a
wheel flat is displayed.

[0009] There are some problems related to the prior
art solutions. A wheel flat may cause peaks in the meas-
ured signal which have a significant effect on the average
value of a signal. It is possible that the measured signal
includes minor spikes for other reasons as well, which
affect the signal average value. When the measured sig-
nal of a wheel is then compared to the average value of
the signal it is possible that a predetermined deviation
value is not observed even if a wheel is broken. On the
other hand, it is possible that a small defect in a wheel
is erroneously displayed as a significant wheel flat.
Therefore, the measurement method may be unreliable.

SUMMARY OF THE INVENTION

[0010] It is an object of the invention to provide a so-
lution for measuring characteristics of a wheel travelling
on a rail wherein the problems of the prior art are avoided
or reduced. Therefore, it is an object of the invention to
provide a measurement method which has good reliabil-
ity and accuracy in detecting defects in a wheel axle,
bogie or wagon when the wheel bypasses a measuring
field.

[0011] The object of the invention is achieved with an
arrangement according to the invention for measuring
characteristics of a wheel travelling on a rail lying on
sleepers, wherein the wheel has a normal part and may
have a defected part, and wherein the arrangement com-
prises sensors adapted to measure force effects induced
by the wheel to the rail, the sensors forming a measure-
ment zone and being coupled with data processing
means and, wherein the data processing means is adapt-
ed to read data from the sensors, which arrangement is
characterized in that

- the processing means are adapted to select a data
sample from sensor data related to a wheel and to
determine a reference force value of the normal part
of the wheel on the basis of the value of the selected
sample data,

- the processing means are adapted to compare data
relating to said wheel with the reference value, and

- the processing means are adapted to inform a user
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when the deviation in said comparison exceeds a
predetermined threshold value.

[0012] The object is also achieved with a method for
measuring characteristics of an wheel travelling on a rail
lying on sleepers, wherein the wheel has a normal part
and may have a defected part, and wherein force effects
induced by the object to the rail are detected by a plurality
of sensors forming a measurement zone, which method
is characterized in that

- the a data sample is selected from sensor data re-
lated to a wheel and a reference force value of the
normal part of the wheel is determined on the basis
of the value of the selected sample data,

- datarelating to said wheel is compared with the ref-
erence value, and

- the processing means are adapted to inform a user
when the deviation in said comparison exceeds a
predetermined threshold value.

[0013] The invention also relates to a processor pro-
gram product forimplementing the method. The invention
further relates to a data processing unit which comprises
said processor program product.

[0014] Some further advantageous embodiments of
the invention are described in dependent claims.
[0015] In one embodiment of the invention a median
sample is selected from the sensor data relating to the
measured wheel, whereby the reference value of a nor-
mal part of the wheel is the median value. The use of a
selected sample value, and preferably median value, has
important advantages. The measurement may include
short spikes caused by the flat wheel or disturbances.
The value of such spikes may be significant. Therefore
it is advantageous to select a reference sample at the
middle of a sample queue where the samples are ar-
ranged in an order of magnitude. The short spikes in the
measurement signal do not affect such a median value
of the signal, and the reference value thus indicates the
weight force of the normal part of the measured wheel
very accurately. The defects in the wheel can thus be
detected in a reliable manner.

[0016] In another embodiment of the invention a deriv-
ative or high pass filtering of the sample data relating to
the wheel is provided. In a further embodiment of the
invention the derivative data or high pass filtered data is
compared with a second threshold value, and a user is
informed when the deviation in said comparison exceeds
a predetermined threshold value. Exceeding a threshold
value means that a fast changing force is detected in the
rail. Such a force may be especially harmful to the rail
structure or to the wheel structure. Applying the derivative
also has an advantage that the average weight force of
the wheel does not affect the measurement, especially
if the measurement is started after the force effect has
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been stabilized after the concerned wheel has entered
the measurement field.

[0017] In one embodiment of the invention an integral
is provided of the sample data or of the derivative or high
pass filtered form of the sample data. Integral data may
further be compared with a third threshold value, and to
inform a user when the deviation in said comparison ex-
ceeds a third predetermined threshold value. The com-
parison of the integrated signal may be used as a sup-
plementary or alternative analysis for detecting defected
wheels.

[0018] In one embodiment of the invention the meas-
urement field of the measurement arrangement compris-
es sleeper sensors between sleepers and rail, and rail
sensors in the rail between sleepers. In a further embod-
imentthe measurement arrangement comprises sensors
at the ends of the measurement zones for detecting a
wheel and activating the measurement.

[0019] The sensors are a means for measuring forces
and shearing stresses induced on a rail, when a wheel,
axle, bogie and/or wagon travels on it. A sensor unit may
comprise a stretch slip, pressure and temperature sens-
ing means, memory unit, A/D-converter, means for trans-
mitting and receiving data. Furthermore the sensor may
also comprise ID information so the sensor can be iden-
tified. Advantageously the sensor used in the present
invention comprises a bonded electrical resistance strain
gauge. The sensor locating at the point of a sleeper
(sleeper sensor) can be adapted into a rail fastening unit,
whereupon the sensor can be removed very easy and
fast, if it gets broken. The sleeper sensor is advanta-
geously a type of a double ended shear beam sensor,
and is adapted to sense at least vertical forces. Further
the sensor attached in the rail (rail sensor) between the
sleepers is typically a type of a press fit sensor or a shear
force transducer, which is adapted to sense at least hor-
izontal forces. The rail sensor is typically attached to the
rail so that first a hole is drilled into the rail, where after
the press fittype sensor is fitted into the hole. The sleeper
sensors thus detect mainly vertical forces and rail sen-
sors detect mainly horizontal forces so that interference
forces of the adjacent wheel distributing along the rail
can be determined with the rail sensors, such as also
horizontal forces of the wheel to be monitored, and thus
it is possible to compose reliable general view of force
distributions.

[0020] Itis also possible that rail sensors are used for
detecting the moment when the wheel passes the sensor
position, and this information can be used for changing
the measurement sub-range of the wheel. In such case
the rail sensor may measure vertical forces. It is also
possible to use inductive rail contactors for this purpose.
[0021] The sensors at the ends of the measurement
field may be sleeper sensors or rail sensors, but they
may also preferably be inductive rail contactors. A pur-
pose of the sensors at the ends of the measurement field
is detecting a wheel and giving a signal for the activation
of the measurement, but hey may also be used for meas-
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uring the distance between axles in a boogie/wagon, the
number of axles and the velocity of the vehicle.

[0022] A measurement field typically covers the length
of 7 to 10 sleepers, but it is obvious for a person skilled
in the art that the length of the measurement field can be
varied by adding or removing sensors. The length of the
measurement zone can be varied based on the measur-
ing situation. The used measurement zone for measuring
a wheel is advantageously at least as long as a circum-
ference of the wheel to be measured, and longer, when
a bogie or a whole wagon is measured, respectively.
[0023] According to one embodiment of the invention
a single wheel of a vehicle is monitored continuously,
when a wheel travels along the rail over a measurement
field. In the measurement arrangement each sensor is
preferably coupled with a data processing unit via own
communication channel, where the data processing unit
is adapted to collect data from each sensor via its own
channel and store collected data to a memory means.
Advantageous sampling rate of the sensors is typically
5000 samples in a second for each channel, which allows
the wheel to travel along the rail at the speed of 250 km/h,
and the measuring results will still be reliable. It should
be noted that each channel is read at the same time and
5000 times in a second. It is however clear to a skilled
person, that the sampling rate can be changed, where-
upon the wheel moving faster that 250 km/h can also be
measured reliably. The same sampling rate is preferably
used for reading data from rail contactors as is used for
other sensors in the measurement field.

[0024] Accordingto afurther embodiment of the inven-
tion the data processing unit is adapted to analyse the
collected data in such a way, that a type of a vehicle
and/or wagon, numbers of wagons, bogies and wheels,
as well as total weight of vehicle, weigh of a wagon, bogie
and/or wheel and lateral forces can be determined. More-
over the data processing unit is also adapted to analyse
collected datain such away, that possible broken wheels,
such as flat wheel, as well as other defects in a structure
of the wheel, springing or wagon can be detected.
[0025] According to a still further embodiment of the
invention the data processing unit is also adapted to con-
struct a display of a user interface means and updating
it and also alert when detecting a broken wheel or other
anomalous. The data processing unit is advantageously
adapted to compare collected data to the data of unbro-
ken wheel and to data measured when a wagon of a
certain type travels on the rail, for example, in order to
detectanomalous in collected data and to alert. Moreover
according to the embodiment of the invention the data
processing unit is adapted to visually illustrate measuring
results, such as the type and number of wagons, and
bogies and/or wheels with defects.

[0026] According to one embodiment of the invention
the data processing unit is also adapted to construct and
display a processed curve of forces induced by a single
wheel (or axle, bogie and/or wagon) in a measurement
zone with desired length. Advantageously a user can

10

15

20

25

30

35

40

45

50

55

choose a wheel, for which the curve is constructed and
displayed, as well as the length of measurement zone or
range or even measurement sub-zone or sub-range. Ac-
cording to an advantageous embodiment the data
processing unit is also adapted to choose a wheel with
anomalous feature automatically and construct and dis-
play its processed curve in a manner that the anomalous
feature can be clearly detected visually. Anomalies can
be discovered by comparing measured data of a wheel
to measured data of a healthy wheel of same kind, for
example, or by comparing measured data to a certain
acceptable fluctuation range.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] Next the invention will be described in greater
detail with reference to exemplary embodiments in ac-
cordance with the accompanying drawings, in which
Figure 1 illustrates an exemplary arrangement ac-
cording to the invention for measuring char-
acteristics of a vehicle and a wheel of the
vehicle travelling on a rail,

Figure 2 illustrates typical wheel load distribution in
a rail and sleepers,

illustrates a continuous rail-wheel-contact-
force analysis in an exemplary implemen-
tation of the present invention,

Figure 3

Figure 4 illustrates an exemplary graph of a meas-

urement of an axle,
Figure 5 illustrates an exemplary user interface for
informing a measurement result,
Figure 6 illustrates an exemplary user interface and
an exemplary graph of continuous force ef-
fect of a single wheel travelling on a rail in
the measurement zone,
Figure 7A  illustrates an exemplary graph of a force
caused by a flat wheel to a rail in a meas-
urement field,

Figure 7B illustrates a wheel with a wheel flat,

Figure 7C illustrates a graph showing a derivative of
the signal shown in Figure 7A, and

Figure 7D illustrates a graph showing an integral val-
ue of the wheel flat derivative signal shown
in Figure 7C.

DETAILED DESCRIPTION OF SOME EMBODIMENTS

[0028] Nextanexemplaryimplementation ofthe inven-
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tion is described where virtual measurement zones are
used.

[0029] Figure 1 illustrates an exemplary measuring ar-
rangement 100 to measure characteristics of a vehicle
102 and a wheel 104 of the vehicle 102 travelling on a
rail 106, according to an exemplary implementation of
the present invention. The measuring arrangement 100
advantageously comprises plurality of sensors 110a-
110c. Sensors 110a are located at the ends of the meas-
urement zone and they detect the vehicle and activate
the measurement. Sensors 110a may preferably be in-
ductive rail contactors, but the functionality may also be
achieved with a rail sensor or a boogie sensor. Sensors
110b are arranged at the point of sleepers 108, advan-
tageously integrated to a rail fastening units. Sensors
110c are arranged into the rail 106 between the sleepers
108. The group of the sensors 110a-110c forms a meas-
urement field 118. Typical measurement field according
to the invention extends over 7 to 10 sleepers 108. The
sleepers can be standard wooden or concrete sleepers
or they may be specific sleepers for the measurement
purpose.

[0030] Inthe arrangement 100 each sensor 110 is cou-
pled with a data processing unit 116 via own communi-
cation channel 112, where the data processing unit 116
is adapted to collect data from each sensor via its own
channel and store collected data to a memory means
116a. There may be an optional data collector between
the sensors 110 and data processing unit 116, with which
the sensors are coupled via own communication channel
112. The data collector collects measurement data from
each sensor 110 and advantageously transmits it in a
centralised manner to the data processing unit 116 via a
communication 113.

[0031] It should be noted, that the data collector 114
is optional, and alternatively each sensor can be in com-
munication directly with data processing unit 116. More-
over, the communication between sensors and data
processing unit and/or data collector, as well as the com-
munication between the data collector and data process-
ing unitcan be implemented by a cable such as Ethernet,
or wireless way, such as with radio waves, for example.
The Ethernet communication is preferable due to its abil-
ity for fast communication.

[0032] Inthisembodimentthe data processing unit116
further comprises a measurement sub-range and meas-
urement range construction means 116b adapted to con-
struct optimal measurement sub-range for a wheel, bogie
and/or wagon to be measured and to construct a meas-
urement range from measuring sub-ranges, and a result
composing means 116¢ for composing measurement re-
sults with help of constructed measuring range.

[0033] Theresult composing means 116c is preferably
adapted to analyse data collected from sensors in such
away, thatatype of avehicle and/orwagon 102, numbers
of wagons, bogies and wheels 104, as well as total weight
of the whole vehicle, weigh of a wagon, bogie and/or
wheel, and also possible broken wheels, such as flat
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wheel, as well as other defects in a structure of the wheel,
springing or wagon are determined.

[0034] The resultcomposing means 116c¢ is preferably
adapted to compare collected data of a wheel to data of
a normal, unbroken part of the concerned wheel. The
defected part of the wheel affects the measured data
within a relatively small part of the measurement data
samples related to the wheel. Therefore, it is possible to
determine a data value representing a normal part of the
wheel by selecting a sample from the collected data
which is not affected by the defect and which best char-
acterizes the normal part of the wheel. This selection is
preferably done by determining a median for the data
sample group of the wheel. The median can be deter-
mined e.g. by arranging the samples in an order accord-
ing to their value and the value of the middle sample in
the arranged data string is selected as the value repre-
senting a normal part of the wheel. If the number of sam-
ples is an even number, one of the two middle samples
may be selected, for example. The data of the wheel is
then compared with the threshold value based on the
reference force value of the normal part of the wheel. If
the deviation exceeds a predetermined value, the user
is informed, e.g. by reporting/alerting a wheel defect on
a display of the measurement system. A threshold value
may be an absolute value, or it may be a relative value
such as a defined percentage of a weight force of the
normal part of the wheel.

[0035] It is also possible that the result composing
means are adapted to provide a derivative or high pass
filtering of the sample data relating to the wheel. The
derivative data or high pass filtered data is compared
with a second threshold value, and a user is informed
when the deviation in said comparison exceeds a prede-
termined threshold value. Exceeding a threshold value
means that a fast changing force is detected in the rail.
It is possible that the measurement is started after the
force effect has been stabilized after the concerned
wheel has entered the measurement field.

[0036] The length of the wheel flat can be easily deter-
mined on the basis of the derivative slope positions, or
on the basis of the force graph.

[0037] Itis further possible that an integral is provided
of the sample data or of the derivative or high pass filtered
form of the sample data. Integral data may further be
compared with a third threshold value, and to inform a
user when the deviation in said comparison exceeds a
third predetermined threshold value. The comparison of
the integrated signal may be used as a individual method
or together with other analysis methods for detecting de-
fected wheels.

[0038] The second and third values may also be either
absolute or relative values based on the reference force
of the normal part of the wheel, for example. For each
threshold there may be more than one threshold in order
to illustrate different levels of defects and their harmful-
ness. For example, a low threshold value may be used
for providing a notification, a middle threshold value may
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be used for providing an alert, and a high threshold value
may be used for providing an alarm, upon exceeding the
value.

[0039] Itis preferable to use high sampling rate in order
to achieve accurate derivative and integral values. This
way itis possible to provide accurate calculations in order
to determine the harmfulness f the defect and the length
of the wheel flat.

[0040] Moreover, according to an advantageous em-
bodiment of the invention the data processing unit 116
may further comprise at least one of the following means,
such as a communicating means 116d adapted to trans-
mit/receive information from/to the sensors 110 and/or
data collector 114. Further the communicating means
116d is preferably adapted to inform a user, such as an
administrator, driver or other party of the results com-
posed by the means 116c¢.

[0041] In addition according to an embodiment of the
invention the data processing unit 116 comprises a com-
puter program product 116e for measuring characteris-
tics of an object travelling on a rail, where the computer
program product, when run on a computer, is adapted to
read data from the sensors, to determine a reference
weightforce value of a normal part of a wheel, to compare
the collected data relating to the wheel under measure-
ment with the normal value and to report a wheel defect
if the deviation exceeds a predetermined value. As de-
scribed, the reference weight force value of the normal
part of the wheel is determined by selecting a data sam-
ple, preferably a median sample, and using its value as
the reference.

[0042] In one embodiment of the invention the data
processing unit is arranged to construct at least two vir-
tual measurement sub-ranges in such a way that the first
virtual measurement sub-range corresponds a first part
of the measurement zone and the second measurement
sub-range corresponds a second part of the measure-
ment zone next the first one, and further adapted to con-
struct the first virtual measurement sub-range from data
of sensors forming the first part ofthe measurement zone,
where data is read when the object travels along the rail
in the first part of the measurement zone and to construct
the second virtual measurement sub-range from data of
sensors forming the second part of the measurement
zone, where data is read when the object travels along
the rail in the second part of the measurement zone, and
furthermore adapted to construct a virtual measurement
range to illustrate force effects of the object travelling on
the rail at least in the part of the measurement zone by
combining at least the first and second virtual measure-
ment sub-ranges.

[0043] Accordingto afurther embodiment of the inven-
tion the data processing unit 116 is also adapted to con-
struct a display of a user interface means and updating
it and also alert when detecting a broken wheel or other
anomalous. Moreover the data processing unit can be
adapted to visually illustrate measuring results, such as
the type and number of wagons, and bogies and/or
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wheels with defects, as well as also to construct and dis-
play a processed curve of forces induced by a single
wheel in a measurement zone with desired length. These
are, however, optional features of the data processing
unit, and can be implemented also by other means.
[0044] Figure 2 illustrates typical wheel load distribu-
tion in arail 106 and sleepers 108, where it can be clearly
seen that force effects of the wheel 104 distribute very
far in the rail. Thus it is also desirable that forces distrib-
uting along the rail 106 can be measured in order to
achieve reliable measuring results and interference of
the adjacent wheel can be either defeated or determined.
[0045] Wheelload distributes along the rail 106 in hor-
izontal direction and over neighbouring sleepers 108. For
example, approximately 50% of the wheel load of the first
wheel 104a is directed to the sleeper 108Aa locating just
below the wheel 104a, but approximately other 50% of
the wheel load of the first wheel 104a is distributed along
the rail 106 in horizontal direction (left and right) and fur-
ther to the adjacent sleepers 108Ab and 108Ac. In similar
way the wheel load of the second wheel 104b is directed
to the sleeper 108Ba locating just below the wheel 104b,
and other 50% of the wheel load of the second wheel
104b is distributed along the rail 106 and further to the
adjacent sleepers 108Bb and 108Bc, where the adjacent
sleepers 108Bb and 108Bc are same as sleepers 108Ac
and 108Ab.

[0046] Now, when monitoring for example characters
of the wheel 1044, three sleeper sensors 110b are typi-
cally chosen to be used, one just below the wheel 104a
and two sleeper sensors in the adjacent sleepers, and
further two rail sensors 110c, one of which advanta-
geously locates between the sleepers 108AB, whereup-
on residual forces distributing along the rail in horizontal
directions can be defeated or determined.

[0047] Figure 3 illustrates an idea of continuous rail-
wheel-contact-force analysis and also idea of construct-
ing measurement ranges 300 with different length from
measurement sub-ranges. a virtual measurement sub-
range 300a1 is constructed from data measured by
sleeper sensor 110b2, and adjacent rail sensors 110a’
and 110a3, and an adjacent measurement sub-range
300a2 is constructed from data measured by sleeper
sensor 110b4, and adjacent rail sensors 110a3, and
110a%. Now the longer measurement range 300b1 can
be achieved either by combining two measurement sub-
ranges 300a1 and 300a2 or by constructing from data
measured by sleeper sensors 110b2 and 110b4, and rail
sensors 110a', and 110a5. With the same inventive an-
alogue measurement range 300c1 is either combined
from measurement sub-ranges 300a1, 300a2 and
300a3, or constructed from data measured by sleeper
sensors 110b2, 110b4, and 110b®, and rail sensors
110a’, and 110a”.

[0048] Now, if a wheel 104, for example, is monitored,
when a wagon 102 travels along the rail 106, the meas-
urement sub-range 300c1 is also "shifted" along the trav-
ellingwagon 102 orwheel 104 so, that next measurement
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sub-range 300c2 covers a measuring sub-zone of next
three sleepers, and etc. The change of the measurement
sub-range is advantageously done, when the wheel 104
has travelled a distance of one sleeper (approximately
60 cm). By changing again to the next measurement sub-
range and repeating this through all sensors and the
measurement field, when the wheel travels, a reliable
measurement for said wheel can be achieved. The same
can be done also for a bogie, but now the measurement
sub-range and also sub-zone is typically clearly longer
than for a wheel. If the wheel or bogie is followed with
the virtual scale or measurement sub-ranges through the
whole measurement field, a longest possible measure-
ment range 300T can be composed from sub-ranges,
such as 300a1, 300a2, 300a3, or 300b1, 300b2, or
300c1, 300c2, 300c3, whereupon statistical reliability is
very high.

[0049] The measurement ranges 300 are advanta-
geously constructed programmatically, such as by com-
bining shearing stresses measured by appropriate sen-
sors. Thus the present invention enables to monitor a
single wheel, axle, bogie or even a whole wagon. More-
over, because a measurement sub-range constructed for
a wheel, for example, is shifted along the moving wheel
at the same speed, a long measurement range can be
achieved.

[0050] The measurement range and sub-range 300,
300a, 300b, 300c, 300T of various length can be con-
structed programmatically for example in real time when
the wheel 104 travels on the measurement zone. Alter-
natively the measurement range and sub-range of de-
sired length can also be constructed later when data has
already been stored in the memory means 116a of the
data processing unit 116.

[0051] Figure 4 illustrates an exemplary graph 400 of
a measurement of an exemplary wheel according to an
embodiment of the present invention, where curves 402
illustrate forces measured with different sensors in func-
tion of distance of a moving wheel.

[0052] Thecurve408illustratesforce effects ofasingle
wheel at the length of the measurement zone of sleepers
1-8, where the curve 408 can be achieved with meas-
urement sub-ranges shifted along the moving wheel, for
example. The curve 407 illustrates detected forces in a
measurement sub-range of one sleeper (approximately
40 cm), and the curve 406 illustrates forces in a meas-
urement range between the rail sensor 401 a and 401 b.
The curves 409 illustrate forces measured by different
sleeper sensors and the curve 404 illustrates forces in-
duced by the wheel 104 and measured by the rail sensor
401 a, when the wheel 104 travels along the rail 106 and
bypasses the rail sensor 401 a. It should be noticed that
when the wheel 104 approaches the rail sensor 401 a,
the rail sensor 401 a detects horizontal force, which sign
is positive, and when the wheel 104 draws away from
the rail sensor 401 a, the rail sensor 401 a detects hori-
zontal force, which sign is negative. In this way by using
the rail sensors horizontal forces caused by the wheel
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can be monitored and also the adjacent wheels, which
interfere the measuring process of the wheel.

[0053] Figure 5illustrates an exemplary user interface
according to an advantageous embodiment of the
present invention, where the data processing unit is
adapted to analyse data collected from sensors in such
a way, that a type of a vehicle and/or wagon, numbers
of wagons, bogies and wheels, as well as total weight of
the whole vehicle, weight of a wagon, bogie and/or wheel,
as well as lateral forces, can be displayed to a user, such
as an administrator, driver or other party. Moreover, pos-
sible broken wheels, such as flat wheel as well as other
defects in a structure of the wheel, springing or wagon
are advantageously displayed to the user visually, like
colouring an appropriate position of defects, such as bro-
ken wheel. Alerts can be communicated to the user also
using other means, such as command line or sound sig-
nal.

[0054] The data processing unitis also advantageous-
ly adapted to compare data collected from sensors to
reference data of a normal, unbroken part of the wheel,
and to assessing whether a deviation goes beyond the
accepted limits in order to detect anomalous in collected
data and to alert. A median value is preferably used as
the reference weight force value of the normal part of the
wheel.

[0055] Figure 6 illustrates an exemplary user interface
600 and an exemplary graph 602 of continuous force
effects of a wheel travelling on a rail in a measurement
zone. According to an embodiment of the invention a
user can select a desired wagon, such as a wagon with
anomalous feature in figure 5, whereupon the user inter-
face 600 can be displayed illustrating wheels and bogies
1 and 2 of the desired wagon, for example. Next the user
can select a wheel 104c of the bogie in order to being
displayed a processed continuous force effect curve 602
of the selected wheel. The display may also show a ref-
erence value as a straight line. A median value according
to the invention can be used as the reference line. The
anomalous feature caused by the defected wheel can be
clearly seen from the curve 602. Alternatively the wagon
and defected wheel of the wagon can be selected auto-
matically, as well as the curve illustrating force effects of
the defected wheel can be displayed automatically with-
out any action of the user.

[0056] Figure 7A illustrates a signal of a measurement
zone when a wheel 70 with a large wheel flat defect 71
according to Figure 7B travels through the measurement
field. F,,5x denotes the maximum force measured at the
rail. Figure 7C illustrates a derivative of the signal of Fig-
ure 7A. It shows that a high peak is present due to the
fast rate of change in the original signal. It is now possible
to compare the (absolute) derivative signal with a second
derivative threshold value. If the threshold value is ex-
ceeded, this means that the wheel has a defect which
causes a strong and fast changing force to the rail.
[0057] Itis also possible to provide an integral value F;
of the spike, by integrating the derivative signal from t,
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to t,, wherein the points t; and t, are the start and end
points of the flat wheel effect, respectively. The start and
end points may be determined based on the derivative
values, for example. Figure 7D illustrates the integral val-
ue at points ty, t+1, t,+2, ... , t,. The peak of this integral
value corresponds to the peak value of the force caused
by the wheel flat defect to the rail. It is further possible to
determine a third threshold force value, whereby the in-
tegral value of the spike is compared to the third threshold
value. If the (absolute) value of the spike exceeds the
third threshold value the user may be informed of an ex-
cess value of the measured force.

[0058] It is also possible to provide an integral of the
sensor signal without derivation. In this case it is prefer-
able first to provide an absolute value of the signal and
to cut out samples which have a value below a predeter-
mined threshold. After this, the remaining signal can be
compared to a further force threshold value, whereby a
user is informed if the threshold value is exceeded.
[0059] The invention has been explained above with
reference to the aforementioned embodiments, and sev-
eral advantages of the invention have been demonstrat-
ed. It is clear that the invention is not only restricted to
these embodiments, but comprises all possible embod-
iments within the scope of the inventive thought and the
following patent claims.

[0060] For example, it should be noted that the use of
virtual measurement zones is described as an exemplary
implementation, but also other ways of handling the data
can be used for monitoring the objects moving on the
rails. Some data handling procedures are described in
documents that are mentioned in the prior art section of
this disclosure. After providing the sensor data, the
present invention can be used for detecting faults in the
objects such as wheels.

[0061] It should also be noted that the methods of pro-
viding derivatives and/or integrals of the sample signal
data can be used also independently of the reference
sample selection of the present invention.

Claims

1. Anarrangement (100) for measuring characteristics
of a wheel (102, 104) travelling on a rail (106) lying
on sleepers (108), wherein the wheel has a normal
part and may have a defected part, and wherein the
arrangement comprises sensors (110) adapted to
measure force effects induced by the wheel to the
rail, the sensors forming a measurement zone and
being coupled with data processing means (116),
wherein the data processing means (116) is adapted
to read data from the sensors, characterized in that

- the processing means are adapted to select a
data sample from sensor data related to a wheel
and to determine a reference force value of the
normal part of the wheel onthe basis of the value
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of the selected sample data,

- the processing means are adapted to compare
data relating to said wheel with the reference
value, and

- the processing means are adapted to inform a
user when the deviation in said comparison ex-
ceeds a predetermined first threshold value.

An arrangementaccordingtoclaim 1, characterized
in that the processing means are adapted to select
a median sample from the sensor data relating to
said wheel.

An arrangement according to claim 1 or 2, charac-
terized in that the processing means is adapted to
provide a derivative or high pass filtering for the sam-
ple data relating to said wheel.

An arrangementaccording to claim 3, characterized
in that the processing means is adapted to compare
the derivative data or high pass filtered data with a
second threshold value, and to inform a user when
the deviation in said comparison exceeds a prede-
termined threshold value.

An arrangement according to any of the previous
claims, characterized in that the processing means
is adapted to provide an integral of the sample data
or its derivative or high pass filtered form, and the
processing means is further adapted to compare the
integral data with a third threshold value, and to in-
form a user when the deviation in said comparison
exceeds a predetermined threshold value.

An arrangement according to any of the previous
claims, characterized in that the measurement
zone of the arrangement comprises sleeper sensors
between sleepers and rail, and rail sensors in the rail
between sleepers.

An arrangement according to any of the previous
claims, characterized in that the arrangement com-
prises sensors at the ends of the measurement
zones for detecting a wheel and activating the meas-
urement, wherein the sensors at the ends of the
measurement zone are inductive rail contactors,
sleeper sensors or rail sensors.

A method (100) for measuring characteristics of an
wheel (102, 104) travelling on a rail (106) lying on
sleepers (108), wherein the wheel has a normal part
and may have a defected part, and wherein force
effects induced by the object to the rail are detected
by a plurality of sensors (110) forming a measure-
ment field, characterized in that

- a data sample is selected from sensor data
related to a wheel and a reference force value
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of the normal part of the wheel is determined on
the basis of the value of the selected sample
data,

- data relating to said wheel is compared with
the reference value, and

- the processing means are adapted to inform a
user when the deviation in said comparison ex-
ceeds a predetermined threshold value.

A method according to claim 8, characterized in
that the processing means are adapted to select a
median sample from the sensor data relating to said
wheel.

The method according to claim 8 or 9, characterized
in that the processing means is adapted to provide
a derivative or high pass filtering for the sample data
relating to the wheel.

The method according to claim 10, characterized
in that the processing means is adapted to compare
the derivative data or high pass filtered data with a
second threshold value, and to inform a user when
the deviation in said comparison exceeds a prede-
termined threshold value.

The method according to any of claims 8-11, char-
acterized in that the processing means is adapted
to provide an integral of the sample data or its deriv-
ative or high pass filtered form, and the processing
means is further adapted to compare the integral da-
ta with a third threshold value, and to inform a user
when the deviation in said comparison exceeds a
predetermined threshold value.

A computer program product (116e), characterized
in that it is adapted, when run on a computer, to
perform the method according to claim 8.

A data processing unit (116), characterized in that
it comprises the computer program product accord-
ing to claim 13.
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